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(54) Title: THERMAL CONTROL OF AUTOMOTIVE INTERIORS WITH PHASE CHANGE MATERIAL 

(57) Abstract: The technique of the present invention includes the utilization of phase change material in automotive interiors in 
order to obtain a diermal control effect leadiiig to eneigy savings and diennal comfort improvements. The phase change material 
shall be arranged in the headliner, the seats, and die instmment panel. In die seat configuration, the phase change material can be 
included in a seat heater system in order to make the heater safer and more energy efBdoit. Preferably, the melting temperature of 
Q the phase change material arranged in the headliner ranges fiom 30 "C to 34 "C. The melting temperature of a second phase change 
i»> material, used in the car seat also in conjunction with a scat heater is in the range between 34 and 38 'C. Most preferably, the melting 
temperature of a third phase change material applied to the instrument panel ranges fiom 38 "C to 43 'C. Preferable phase change 
materials are allgrl hydrocarbons and mixtures thereof, salt-hydiates, metals, alloys, poly-alcohols and eotectics with phase changes 
in the suggested temperature range and appropriate heat storage capacities. Preferably, th^ are directiy incorporated in a polymeric 
compound structure or an elastomeric compound structure, or a foam sinicture without microencapsulation, in order to enhance the 
overall thermal capacity. In the seat configuration, the polymeric stiucture with incorporated phase change matoial is formed into a 
\^ mesh-Hke material and attached to a knitted spacer fabric. 
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TITLE OF THE INVENTION: 

THERMAL CONTROL OF AUTOMOTIVE INTERIORS WITH PHASE CHANGE 
MATERIAL 

INVENTOR: BARBARA H. PAUSE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
U.S. Patent 4,756^58, July 12, 1988 Biiant et al. 
U.S. Patent 4,908,166, Match 13, 1990 , Salyer 
U.S Patent 5,366,801, Nov. 22, 1994, Bryant et al. 
U.S. Patent 5,637389, June 10, 1997, Colvin et al. 

B ACKROUND OF THE INVENTION 

During the summer months, the tempeiatuie inside an automotive passenger compartment can 
rise substantially; especialfy, when the car is padced outside and the sun's heat radiation 
penetrates steadily through the windows. In order to stabilize the interior temperature Vftdie 
driving the car, many car models are equipped with air-conditioning systems. But providing a 
sufficient cooling cqiacily requires a high energy expenditure. 

On the other side, during the winter months, the driver and the passeiigers are ofien 
confionted with very low tranperatmes in the passaiger compartment at departure. Afier turning 
on the heating system, it usually takes a &w minutes before a significant temperature increase 
occurs. In order to solve the problem, some car models have extra heating systrans installed in 
their seats. The atgxgy necessary £>r running the seat heating system is provided by the car's 
battery. Due to addhion of new auxiliary systems for morutoring and controlling fonctions in the 
cars over the past years, the power supply needed for their operation has steadily increased. In 
order to prevent demands for fiirlher increases in the battery's capadiy, energy savings aie 
necessary. 

Phase change material possesses the ability to change its physical state within a certain 
temperature range. When the melting temperature of a phase change material in a heating 
process is obtained, the phase change fiom the solid state to the liquid state occurs. During tiiis 
melting process, the phase change material absorbs and stores a large amount of latent heat The 
temperature ofUxG jdbiase change ipflt^al remains neariy constant during the entire process. In a 
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cooling process, the heat stored by the phase change material is released into the environment in 
a certain temperature range and a reverse phase change from the liquid state to the solid state 
takes place. During this crystallization process, the temperature of the plmse change material also 
remains corKtant. Hie high heat tramfer during the melting process and the crystalli2ation 
process, both without siny ten^ierature change, is responsible for the phase change material's 
^peal as a source of heat storage. 

Inordearto contra^ the ainoimt of latent heat absorbed by a jdiasediangenm^ 
actual phase change with the amount of sen^dhle heat in an ordinary heating process, the ice-, 
watear i^hase change process win be used. When ice melts, it absorbs an amount of latent heat of 
about 335 J/g. When the water is further heated, it absorbs a sensible heat of only 4 J/g while its 
texi^acataK rises by one degree C. Therefeie, the lateaot heat absorption duripg the jdiase change 
fiom ice into water is nearly 100 times higher than the sensilde heat absoiption during the 
heating process of water outside the phase dBi^ tstQ>eratur6 range. 

Jn addition to ice (water), more than 500 natural and synthetic phase change materiab are 
known, including salt hydrates, metals, alloys, poly-alcohols, eutectics and parafBne. These 
materials diflFer from one another in their jUaasc change tenperature ranges and their heat storage 
capacities. 

In the present ^jpficatiois of the phase change material technology in garments and home 
fiimishir^ products, parafiSne are used exclusive^. These are cacystalliDe alkyl hydrocarbons 
with difiEkent chain lei^ths. Cbaractmstics of suitable parafBne are s u m m arized in Table 1. 



Paraffin 


Melting 
tenqierature, 
"C 


CrystalhzaticHi 
ten^ieratar^ 
"C 


Latent heat storage 
capacity, 

J/fi 


Heoeicosane 


40.5 


35.9 


213 


Eicosane 


36.1 


30.6 


247 


Nonadecane 


32.1 


26.4 


222 


Octadecane 


28.2 


25.4 


244 



Table 1: Thermal characteristics of selected parafiSne 

ConqMired to other phase diai^e materials, the paiaEBne poss^ vescy fai^ heat storage 
capacities. Furthocmore, parafiBne can be mixed in order to realhe deared tenQ)e9rature ranges in 
vAnxibi the |diase change will take place. Paraffine are nontoxic, noncorrosdve and 
nonibygroscopic. Tbe tbennal behavior of the parafiSne remains staUb abo under permaneot ise. 
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ParafiSne are byproducts of petroleum refining and therefbie inexpensive. A disadvantage of the 
parafGne is their low resistance to ignition. But Ifais problem can be solved by adding fire 
retardants. 

Tin the piesent ^plications, the parafiBne are microencapsulated. They are applied to a textile 
matrix by incorporating them into fibers and fbams or by coating them onto a textile sux&ce. For 
example, microencapsulated parafEmic phase change materials have been described as a suitable 
component for substrate coating ^en exceptional heat storage capabilities are desired. The U.S. 
patent No. 5^66,801 for *Talnics wifh reversible enhanced tiiennal properties" to Biyant, et aL, 
incoiporaled herein by refraence, teaches that substrates coated whfa a binder containmg 
miGax>e3ic{q>sulated phase change material enables a substrate fo exhibit extended heat storage 
properties. Furttiermore, microenc^sulated phase change materials have been described as a 
suitable component fi>r inclusion in fibers or fi>ams. U.S. patent No. 4,756,958 for Tiber with 
reversible enhanced thermal storage properties and fibrics made therefrom" to Biyant et al., 
incorporated herein by reference, teaches Hiat a fiber with microencapsulated phase change 
material possesses enhanced thermal storage properties. U.S, patent No. 5,637389 for 
'Thermally enhanced foam insiilation" to Colvin et al., also incorporated herein by reference, 
reports a thmnaUy enhanced foam insulation "^ere flie microc^sules are embedded within the 
foam. 

There are also compound structures with incorporated phase change material available now 
which mi^t be more appropriate fi>r some automotive interior appUcations. U.S. patent No. 
4,908,166 for a "Mefliod for prq>aiing pofyolefine CQntaining a jihase change materiar* to 
Salyer, incorporated herein reference, teaches that a polyolefine material containing fdiase 
change material possesses enhanced thermal storage properties. 

There ate several thermal efiEect \)^ch can be obtained by a phase change material application 
in a certain product, such as: 

- a cooling efiect, caused by heat absorption of the phase change material; 

- a heating effect, caused heat eioissionofthe phase change material; 

- a fhermo-iegulating effect resulting from either heat absorption or heat emission of the 
phase change material vMch keeps the tonperature of a surrounding substrate nearly 
constant. 
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The efficiency and duration of each of these effects is detennined by the heat storage 
capacity of the phase change material, the phase change tempeiatare range, the structure of the 
matrix material carrying the phase change material, and the structure of the end-use product. 

SUMMARY OF THE INVENTION 

The transfer of the phase change material technology into difEerent areas of the automotive 
interior results in a significant Ihennal control efEbct ^^ch acts in addition to tiie thermal control 
effect of a conventional air-conditioning system the car is equipped with. The dermal control 
^fect provided by the phase change material is initiated by tenq)erature changes and does not 
need to be induced and maintained by electrical power. This tiiemial control mechanism leads to 
m^or energy savings, because the conventional air-conditioning systems can be downsized 
substantially and seat heater systeaaas can be operated more efiSdenjly. hi additton, the thermal 
com&rt of the automotive interior is improved s^nifican% by the i^lication of the phase 
change material technology. 

The technique of the present invention fin- thermal control of automotive interior includes the 
utilization of a first phase change matodal in the headliner, a second phase change material in the 
car seals, and a third phase change material in tiie instrument paneL 

The first phase change material might be embedded in a thin polymeric or elastomeric 
compound structure which is attached to the headliner for the purpose of absorbing excess heat 
generated in file passenger compartment mainly by heat penetration through the windows. 

The second phase change material is located on the back side of the car seat cover aai is 
separated fbom file seat cover by a spacer fid>ac or a lofted bottiiig. The st^ 
the phase change material may be a polymeric compound structure, an elastomeric compound 
structme, or a foam, hi one onbodiment of the technique of the -present invention, the 
containmaat structure for fiie phase change material also includes fiie seat heater system. The 
second phase change material shall absorb surplus body heat, if necessary, to enhance the 
fiiennal seating comfort FmUheaafoe, in correspondence with a seat heater S3^ein, the phase 
change material shall prevent overiieating and contribute to eneigy savings by extending fiie time 
between the heating cycles. 

The third phase change material is embedded in a polymeric compound structure, an 
elastcnneric compound structure or a foam and is located underneath the cover layer of the 
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mstrument panel. Da Ihe mstnunent panel applicatioii, the phase change material absoifos excess 
heat generated in tiie passenger compartment mainly by heat penetration through the wind shield. 

In a piefened embodiment of the technique of the present mvention, the melting temperature 
of the first phase change material is in a range between 30 °C and 34 °C; the melting temperature 
of the second phase change material is in a range between 34 °C and 38 °C; and the melting 
temperature of flie third phase change material is in a range between 38 °C and 43 °C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a headliner coropisiiig a contaimneot structure with incoxpoiated 
phase change material useful for providmg thermal control in the automotive interior. 

FIG. 2 is a graphical representation of the temperature development in headliners with and 
without phase change mateijal in a heating-cooling cycle. 

FIG. 3 is a sectional view of a car seat construction conqprising a containment structure witii 
incorporated phase chan^ material usejSil for providing Ihennal control in the automotive 
interior and specifically in the car seat 

FIG. 4 is a graphical representation of the temperature development on top of the seat cover 
fi>r seats wifii and without phase change material before and afler seating on a hot summer day. 

FIG. 5 is a graphical representation of &e moisture development on top of the seat cover for 
seats with and without phase change material -wbale sitting in such a seat on a hot summer day. 

FIG. 6 is a sectional plan view of a seat heater comprising phase change material. 

FIG. 7 is a gjafiacai representation of tiie temperature development received fi>r seat heaters 
"mifa and without i^base diange material during a heating process. 

FIG. 8 is a sectional view of a instrument panel comprising a contairmient structure with 
incorporated phase change material usefiil far providing thermal control in the automotive 
interior. 

DETAILED DESCRIPTiaN OF THE INVENTION 

The i^licant has discovered that incorporation ofheat absorbing and temperature stabilizing 
phase change materials which can provide a thermal control efilbct in tiie automotive interior 
leading to an increase in tiiermal comfort 
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In a closed passenger compartment, hot air, which is build up mamly by sunlight exposuie 
tiuough the windows, moves to the top and heats up the headliner. Furthennore, heat may also 
penetrates tiuough the car's roof during periods of parking leading to an increase in the 
headliner's temperature. 

If phase change material is ^plied to the headliner, it can absorb this surplus heat without an 
rise in the headliner's temperature. This leads to a reduction in tiie temperature gradient between 
the bottom and the top of tbe passenger compartment resulting in an overall more comfortable 
Ihecmal soisation. In addition, the ttiennal control effect of the phase change material supports a 
car's air-conditioning system and helps to save energy i^cessary to run ttie air-conditioning 
equiptnent The heat stored in the phase change material might be released tiirough Hxe roof into 
tbe environment during driving p^ods of the car or as a result of &e ovemi^t cooling. 

Preliminaiy studies were carried out in order to select the {Appropriate phase change material, 
fhe necessary amount of phase change material, and a suitable location for fti& phase change 
material in the headliner. The headliner composite used in tibds studies consists of an outside 
nonwoven layer (1), an intermediate foam insulation layer (2), and an inside leather layer (4). 

For the example headliner configuration the following technical data have been determiaed: 

- Weight per unit area: 885 g/m^, 

- Thickness: 7.54 mm, 

- Thermal resistance: 0.2583 m*KAV, 

- Specific heat edacity: 1 .372 J/g K. 

In the tests, a tenqjoatuie increase of 30 K av&c a period of two hours has occuied which 
indicates that the headliner has absoibed about 54 kJ of heat energy. This leads to a heat 
absorpiion of about 27 kJ per hour by tibe selected headliner during high heat incidences 
observed in Hiis test. In order to avoid such a temperature increase in the headliner, most of this 
heat needs to be absoibed by the idiase change material. 

For the application in Has specific headliner of the defined car model, a pihase change material 
was selected vsMch absorbs heat in a temperature range between 30 °C and 34 °C and releases 
heat in a temperature range between 25°C and 29 °C. By using phase change material in fee 
selected temperature range the temperature of the headhner can be stabilized in a comjbrtable 
temperature range around 30 °C. The phase change materials absorbing and releasing heat in this 
pre&ned temperature range of the present invention include fbe ciystaUine alkyl hydrocarbons 
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listed in Table 1 and mixtures thereof However, salt-hydrates, metals, alloys, poly-alcohols and 
eutectics with phase changes in the suggested tempeiatuie range and appropriate heat storage 
capacities might also be applied. The melting tempemtuie range of the selected phase change 
material ensure that the heat absorption starts v/hea the temperature increase exceeds the 
comfort range. For car models equipped witibi difEbrent headliner constructions, this tempendure 
range may vaiy slightly. 

Most jasSsrably, Ifae phase chan^ material is directly incorporatBd in a polymeric or 
elastomeric compound matmal, ^^ch may consist of polyelhylene, polyolefin, polyutethane, 
silicon or polyaciylatB. A polyurethane gel conqmund %er with 40 wt % of {diase change 
material and a tfaickness of only 1.5 millimeter possesses a heat storage capacity of about 100 
kJ/oi^ In lefbrence to the headliner's area of 1 .5 m^', about 1 SO kJ of heat can be absorbed by the 
jAmc change material arranged in the headliner. This would be enougpbi to avoid a significant 
temperature increase in the headliner over a complete day even imder warm climatic conditions 
and significant heat eiqxisures. Textile material such as foam or M>rics with incorporated 
microenc^sulated phase change material may also be used for such a headliner application. 
However, it needs to be acknowledged that the heat storage capacities of foams or febrics with 
microencapsulated phase change material do not exceed 30 kJ/m? resulting in themial control 
effects vMch are substantially shorter than those received for the polymeric and elastomeric 
conqx>und structures witihi incorporated phase change material, la particular, the heat storage 
capacity of £>ams or &brics with miciDenc^)sulated phase change material allows a heat 
absorption e£fect wMch lasts fin* about one to two hours. 

Most piejsrabty, the layer of the con^und stracture with the directly incorporated phase 
change mateiial (3) is arranged between fte in^de (fibric or leather) layer (4) facing tbe 
passenger compartment and the intermediate (foam) insulation Igsyer (2) of tibe headliner 
configuration in order to obtain a suffidoit heat absorption arising fiom the passenger 
compartment On the other side, the insulation efEbct of tbie intermediate (foam) insulation layer 
and the outside (nonwoven) layer (1) avoids a substantial absorption of the heat penetrating jBt>m 
outside through Hoe roof The headliner configuration, equipped with a layer of a compoimd 
stroctuie with directiy incorporated phase change material (3), is shown in FIG. 1. 

Temperature measurements \^ch were carried out for headliner configurations wifli and 
witiiout phase change matoial are shown in HG. 2. In the measuring process, &e headliner was 
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first e;q>osed to a radiative heat source for a two hour penod. The radiative heat source was then 
removed; and the heat absorbed by the headliner configuration during the heating process was 
released without any external means of cooling. The test results indicate that the heat absorption 
of the phase change material delays the temperature increase of the headliner substantially. This 
leads to a significantly lower temperature of the headliner with phase change material at the end 
of the heating jnncess. At the beginning of the cooling process, a similar temperature decrease 
has been detemiined fixr both headliners. The temperature decrease is delayed by the heat release 
of the phase change material preventing a £ist temperature drop below 28 ^C. Jn cases where 
heat e:q)osuies are small and do not last very long, the headliner tenq)eratuie can be kept in the 
comfintable temperature range at about 30 °C without any support by external air-conditioning 
systems. 

The ^emio-physiological comibit of a car seat is determined by the thennal and moisture 
management provided by its CQmponents. The thermal managranent can be described in tenns of 
thermal insulation provided by the cushioning corqponents and heat absorption mamly provided 
by the seat's covering material. The moisture management results fx)m the water vapor 
transport through the cushioning components and fix)m the water vapor absoiption of the seat's 
covering material The total heat flux through the seat is deteimined by a combination of these 
parameters. 

During driving, the human body generates an amount of heat between 150 W and 300 W. This 
heatmust be removed from fhe human body attiie same icate as it is produced in order to keep the 
body's core temperature constant at approximately 37 °C. Part of the generated heat needs to be 
removed through the seat However, the dry and wet heat flux through the seat cushion does 
often not provide the heat exchange necessary under the given circumstances. For instance, 
under high ambient temperatures the heat flux through the seat is mostly not high enough to 
remove all the sxuplus heat which is locked in the micioclimate between the body and the seat's 
covering materiaL Otherwise, under low ambient temperatures, the heat flux through the seat 
component is high so that too much heat is removed from the driver's or passenger's body. 

Applied to a car seat, phase change material can be used to absori) surplus body heat, if 
necessary, in a quick and efficient manner. Through heat absorption of the phase change 
material, ihe temperature increase in tiie miamcUmste can be delayed; and thus, the moisture 
content in the microclimate can be reduced as welL On tiie o&er side, the heat release of the 
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phase diange material can delay the heat flux fcom Hie body Enough the seat in oider to reduce 
the body's heat loss piovidiiig a wann sensation vMle sitting in flie seat at low ambient 
temperatuies. 

A common seat configuration consists of a foam pad and a covering material attached to the 
foam pad. The covering material is usually a fiat woven M>ric or a leather material. Sometimes 
the fi>am pad is divided into two parts (upper part and lower part) with a heater located between 
the two parts. 

hi Older to obtain Hbe necessary thermal control efEbcts by tiie phase change material 
^plication in a car seat, a new seat construction has been made vAacb is shown in FIG. 3. For 
the new seat configuration, a knitted spacer fihric (6) is either attached to the back side of the 
cover material or to a con:bdnment structure &r the phase change material (S). Hie contahunent 
structme of the phase change material C7) is arranged on top of the foam pad (8) and underneath 
the spacer &]nic. The most preferable containment structure &I directly incoqxnating the phase 
change material is a polymeric or elastomeric conqiound structure made of polyolefine, 
pofyethylene, polyuretfaane or sQicon, or pot^aciylate. The heater can also be incorporated into 
the pofymodc or elastomeric compound structure with phase change matoriaL As long as the 
phase change material can be applied in a proper quantity to a &bric or a foam providing the 
necessary latent heat capacity it is also be possible to use a foam or a &bric with 
microenc^sulated phase change material instead of the polymeric or elastomeric coinpound 
structure with phase change material. 

A knitted spacer &bric possesses a high thermal insulation efEbct in an uncompressed stage, if 
it gets compiessed by ftus weight of a seated person, the knitted spacer Mnic loses most of its 
thermal insulation fimction. Axran^og a knitted spacer fibric betweoi the cover material and fiie 
phase change material's containment structure the heat transfer fi»m fiie cover maleiial to the 
containment stiuctare is reduced substantial^. Theiefbie, Hts tenopexature rise in file containment 
structuie is only small and the containmrait structure's temperature does not reach Ifae 
temperature range of the latent heat absorption of the phase chan^ material. Thus, the latent 
heat absorption by the phase change material is prevented, fiir instance, i^enthe carisparioed 
outside and the sun radiation e?qx>suie increases the temperature in the seats cover l^er while 
nobody is sitting in the seat On the other side, if a person starts sitting in the seat, the knitted 
spacer &hric is compressed by the person's weight leading to a substantial loss in its thermal 
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insulation effect Suiplus body heat and the heat absorbed by the cover matezial penetrates 
instantly through the knitted spacer febric and is absorbed by the phase change material. As a 
result the temperature of tiie cover material and the temperature within the microclimate between 
the body and the cover layer will drop into a comfortable temperature range and the tenqieratuie 
is kept nearfy constant over a certain period of time. 

In addition, hi a cold enviroimient, the phase change material releases heat and, therefore, 
reduces the heat flux fixMn the body fluough the seat conJGgucation leading to an eohancement of 
the thermal comfort sensation. 

In order to select an {q>propriate PCM and in order to detennine its necessary quantity, tiie wet 
and dry heat flux through the seat, under difiEeieat ambient temperatures, needs to be calculated. 
The calculation of the heat flux through the singile seat conq>onents and the coinplete seat 
configuration requites the knowledge of parameters such as thermal resistance, water vapor 
permeabihty, specific heat absorption, and water v^r absorption. Weight, tiuckness, fhennal 
resistance and water v^por permeability of an example of a seat configuration are summarized in 
Table 2. 



Seat canqxmeDts 


Wdghtper 
unit area 


Thickness 
mmm 


Thramai 
resistance 
'mnfK/W 


Water vapor 
permeability 


FlatwovoijGsbric 


S8S 


2 


0.0442 


533 


Knitted spaca- fehric 


530 


7 


0.2530 


653 


Polymeric conqraund layer 
wilfa phase change material 
and wi& the heater 


440 


3 


0.0610 


473 


Foam pad 


3,230 


28 


0.3040 


43 



Table 2: Weighti thdckness, thermal resistance and water vz^or permeability of tiie seat 
components 



In order to estimate the initial heat flux into the seat, the heat absorption and water vqxn: 
absorption of tiie covering material and the knitted spacer fihric were determmed. The flat 
woven coveriiig material possesses a specific heat capacity of about 1.1 and a water vapor 
absorption of about 4.3 %. The knitted spacer fehric possesses a specific heat capacity of about 
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IJ/g K, and a water vapor absorption of about 1^ %. While a person is sitting in the seat, fbe 
thermal resistance of the knitted spacer febric is reduced by up to 40 %. 

A polymeric or elastomeric compound structure is hnpermeable for water vapor. In order to 
realize the water vapor permeability shown in Table 2, the design of the containment structure 
for the phase change material q>plied to the seat configuration is shown in FIG. 6. A heating 
system is pre&iably integrated into tiiis mesh of tite phase change material containment 
structure. 

The phase change material selection is based on the amount of heat generated by an average 
person, common climatic conditions in the passen^ compartment, and 'flie calculated heat flux 
through the car seat The preferred phase change matraial for the seat ^plication absorbs latent 
heat in a temperature range between 34 °C and 38 "C and releases heat in a temperatuie range 
between 29°C and 33 ^C. Tl^ phase change material applied to the car seat prefbiably provides a 
latent heat stcoage c^>acity of about 25 kJ to 35 U. The containment stracture is pieferable 
between 3 and 5 millimeters thick and possesses a effective area of 0.1 to 0.15 m^ 

The phase change materials absorbing and leleadng heat in this prefoned temperature range 
of the present invention include the ciystdline alkyl hydrocaibons listed in Table 1 and mixtures 
thereof However, salt-hydrates, metals, alloys, poly-alcohols and eotectics wifli phase changes 
in the suggested temperature range and appropriate heat storage capacities might also be ^plied. 

The seat configurations witih and without phase change material were tested in seat trials. In 
the test, the seat was e^iposed to the radiative heat j>enetcating though the car's windows over a 
period of one horn: Vfbile nobody vwas sitting in fte seat During this period, the temperature on 
top of the cover material mcateased to 48 ^'C. Because of flie high thramal resistance of the knitted 
spacer fibric placed between the seat's cover material and the containment structure which 
incorpfxrates the phase change material, the tenq)eratiiie of the containment structure and, thus, 
the phase change material does not rise iq> to a teaaq)eFature of 34 whore flie phase dhange 
material starts to melt After a period of one hour, a person b^[an sitting in the seat There is 
always an initial tempoature decrease because of an heat exchange between the bod^ and tiie 
seat After Hhs initial heat exchange, the temperature in the microclimate between seat cover and 
bod^ usualfy rises again if the heat ttansfor through the seat cushion is not large enough to 
remove all the excess heat created by the body. The sensible heat absorption of the cui^on 
materials is onl^ small and leads to a steady increase in tiie material's tmperature. However, Hob 
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phase change material is able to absorb this excess heat without an iacrease in its temperature. 
Whrai the person starts sitting in the seat, the knitted spacer &bric between the cover layer and 
the phase change material containment structure gets compressed and loses a major part of its 
original thennal resistance allowing for a 6st trans&r of the heat stored in the previous period of 
the test by the cover material and the excess heat created by the human body. This heat is 
absorbed by the phase change material. The duration of the heat absorption effect mainly 
depends on the heat storage capacity of the phase change material or, in other words, its quantity. 
Furthermore, Has dxiradon of the heat absorption is influenced by the heat tiai^&r characteristics 
of the containment structure. The selected phase change material in the calculated quantity 
allows for a long-lasting cooling efifect wifliout an external air conditioning. FIG. 4 shows the 
tenpeiatuie development on top of fiie seat cover and in the micioclimate between seat and body 
obtained during the described test 

The test results cleady indicate Ifaat there is a substantial del£^ in ft.e tBnq>erature increase 
within the microclimate, which lasts throu^out fiie on&-houT sitting period later in the test The 
heat stored in the phase change material is released, for instance, over night at lower 
temperatures. 

The cooling effect of Ihe phase change material also leads to a lower moisture build-up in the 
microclimate. Test results are shown in FIG. S. After an initial moisture reduction in the 
microclimate, resulting fiom tbe moisture exchange with the covering material, the moisture 
content is stabilized on a comparatively lower level over about 30 minutes and then only slightly 
increased. After a testing time of one hour, the moisture content in the microclimate of a seat 
with phase diangeinaterial is only 50 %oftiK}seinoisturBcont«itwhich has been received for a 
seat without phase change material. 

Beside the comfort improvement of the car sea^ foe phase change material is used to enhance 
the efiSciencyofa seat heating system. In piefoited seat heater systems, foe heating elements are 
directly intBgcated in foe contaimnent structure i^ch also comprises foe phase change material. 
A pcefetable contaimnent structure is made of a polymoic or elastomoic compound material 
consisting of polyolefoie, polyefo)dene, polyurethane, silicone or polyacr^iate. The seat heater 
^stem covers, for instance, an area of 0.1 to 0.1S m^ and is about 3 mm foick. A preforred 
design of foe seat heater system is shown in FIG. 6. This design allows a sufficient water vi^r 
transfer through the seat vMch is necessary for keeping foe overall seating comfort 
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The selected phase change matexial absorbs heat in a temperature range between about 34 
and 38 °C. Its latent heat storage edacity totals about 25 kJ to 35 kJ. The selected phase change 
material absorbs only heat generated by the heater at the end of the heating period wdien the 
material temperature exceeds 34 "C. Thus, the initial heating pracess is not delayed by Ihe heat 
absorption of the phase change material. After a continuous operation over a time period of five 
minutes, the additional heating process takes place in form of heating cycles. After the initial 
heating period, flie heater is switched of There is alvfays an after-Jieating period where the 
temperature of the heater system continue to lise. For a seat heater system without phase change 
material, a temperature increase of 3.4 was observed in the aJfter-ieating process. However, 
by heat absorption of the PCH ti^tis undesired temperatore increase after the initial heating 
pedod is completed can be avoided, and the qnstem can be protected fix>m oveifaeating. For a 
heater system with phase change material, the tanperature increase in the afierheating period 
does not exceed 0.8 X. Afier that initial furtiier tenq)eraturB rise, the tmpetatuie of the heater 
system decreases continuously. If the temperature of flie heater drops below 34 °C during these 
cycles, tiie heat stored by the phase change material, is released. As a result the heater can 
operate more efficiently tiien common seat heating systems and the operation time of the heater 
can be reduced, which saves energy. For instance, the delay time between two switches of the 
healer system has been doubled by the application of the phase change material leading to a 
substantial energy saving. Test results, received in tests of seat heater systems with and witiiout 
phase change material are shown in FIG. 7. 

The mstcument panel is mainly exposed to the radiative heat viMch i)enetrates through Ihe 
car's wuid shield. Because of tiie high heat exposure by the sun's radiation, also under low 
ambient temperatures, tiie instrument panel absorbs a lot of heat and its temperature rises 
substantially over the day during driving and paddng the car outside. 

l^phase change material is applied to the instniment panel, it can absorb this surplus heat 
without a rise in the instrument panel's tempocature. This can enhance the overall theraial 
comfort sensation in the car's passen^ compartment hi addition, tiie thermal contiol eflBbct of 
the phase change material can prevent ovedieating in the instrument area and, therefoie, delay 
the Ihemial aging of tiie instrament panel components. Thennoplastics undergo dimfaigio?ia1 
changes in the event ofhigh temperature fluctuations. Nfinimizing these temperature changes by 
using the thermal control mechanism of phase change material, a premature hrittieness and 
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Clacks of flie instrument panel's cover mateiM can be prevented. The heat stored in tbie phase 
change material located in the instrument panel mig^t be released straight through the wind 
shield into the environment overnight 

Preliminary studies were carried out in order to select the ^propriate phase change material, 
the necessary amount of phase change material, and a suitable location fbi the phase change 
material in die instrument paneL The instrument panel's composite used in this studies consists 
of an PVC cover layer (11) and an intermediate polyurethane foam insulation layer (12) bonded 
to a tfaramoplastic carrier layer (1 3). 

The PVC cover layer of the instrument panel exan^le possesses a weight of about 1 ,3S0g/m?, 
a tbidmess of about 1 .4 nmi and a specific heat ciqpadly of aboutt 0^6 J/g K. The polyurethane 
jEbam insulation wdg^ts about 1^00 g/n^ and is about 8.5 mm thick. The fiiam possesses a 
specific heat capacity of about 1 . 1 6 J/g K. 

b tile tests, a tranperatoie increase ofabout 40 K over a period of two hours occunedonlfae 
location betwecai PVC cover layer and polyurethane fbam layer which indicates that the 
instrument panel cover absorbed about 120 kJ ofheat enogy. This leads to a heat absotptiott of 
about 60 kJ per hour by the selected instrument panel cover during higih heat incidences observed 
in this test hi order to avoid such a temperature increase in the instrument panel, most of this 
heat needs to be absoit>ed by ttie phase change material. 

For the application in the specific instrument panel of the defined car model, a phase change 
material was selected \^ch absorbs heat in a temperature range between 38 °C and 43 **C and 
releases heat in a tenipefature range between 33 ''C and 37 °C. By using phase change material in 
the selected temperature raiige the temperature of the instniment panel can be stabilized in an 
acceptable traqpaature range mainly between 38 °C and 40 ^'C. The heat release at about 37 "C 
ensures a sufSdent temperature gradient between the instniment panel's temperature and the 
ambient tenqpexature during an overnight heat release throug^htbie wind shield. The phase char^ 
materuils absorbing and releasing heat in this preferred temperature range of the present 
invention include the. crystalline alkyl hydrocarbons listed in Table 1 and mixtures thereof 
However, salt-hydrates, metals, alloys, pofy-alcohols and eutectics with phase changes in the 
suggested teanperatnre range and appropriate heat storage capacities might also applied. Most 
prefeabfy, the phase change material is incorporated in a polymer or elastomeric compound 
material, vsMch may consist of polyethylene, polyolefin, polyurethane, silicon or polyaciylate. A 
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potyuxeHiane gel compound layer with 40 wL % of phase change material and alhiclmess of 
8.5mm possesses a heat storage capacity of about 600 kJ/m". hx reference to the instrument 
panel's area of about 0.7 m^ approximately 420 kj of heat can be absoibed by the phase change 
material arranged in the instrument panel. This would be enough to avoid a significant 
tempeiaftue increase in the instrument panel over a complete day even under wami climatic 
conditions and significant heat exposure. 

Most preferably, the lay«- of the polymeric compound material with the incoipoiated phase 
change material is ananged directly undemealli the PVC cover l^er (11) and replaces the 
intennediatB polyurethane fbarn layer (12) of the instrument panel 
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CLAIMS 

What is claimed is: 

1. A lliemial control method for automotive interiors coiiq>risii)g: incorpoiadng a first phase 
chaz^ material in the headliner, incotpoiating a second phase chan^ material in the seats, and 
incorporating a third phase change material in tbe instrument panel. 

2. The thermal control method according to claim 1, \^*^erein the first phase change matraial 
melts in a temperature range between 30 °C and 34 °C, Ihe second phase change material melts 
in a temperature range between 34 °C and 3 8 "C, and the third phase change material melts in the 
temperatore ran^ between 38 °C and 43 °C. 

3. The fhecmal control mefliod according to claim 1, wfa^in the phase change material is 
selected fix>m the gEDi:qp comprising alkyl hydrocarbons, salt-hydiates, metals, alloys, poly- 
alcohols, and eutectics. 

4. The thermal control metiiod according to claim 1, v^exein the phase diange material is 
incorpoialed vdthin a polymeric compound structure. 

5. The fiiennal control me&od according to claim 1, Therein the phase change material is 
incorporated -within an elastomeric con^und stmcture. 

6. The thermal control method according to claim 1, herein the phase change material is 
incorporated within a foam structure. 

7. The diennal control method according to claim 1, wherein the phase change material is 
incorporated within apotymeric conipound •vAmh. is coated onto Ihe sni&ce of a&bric. 

8. The Iheaaosi control melfaod according to claim 1, vdiaDBin the phase change material is 
incorporated \w1hin a polymeric cornpound "which is laminated to a &bric. 

9. The ttiennal control method according to claim 1, wherein the phase cban^ material is 
incorporated within an elastomeric conipotmd which is coated onto the sur&ce of a &bric. 

10. The thermal control meftod acc(Mding to claim 1, \isd)erein the phase chan^ material is 
incorporated within an elastomeric compoimd ^hich is laminated to a &bric. 

1 1 . The thermal control method according to claim 1, \;vhereui apotymeric componnd structure, 
or an elastomeric compound structure, or a foam stmcture, or composites of those materials with 
fibrics with incorporated phase change material is arranged in the headliner between ttie layer of 
the headliner &cing the passenger coicpartment and the intermediatB insulation layer of the 
headliner. 
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12. The thermal control method according to claim 1, vwherein a polymeric compound structure, 
or an elastomeric compomd structure, or a foam structure, or a composite of such a material with 
a febric with incorporated phase change mataaal is arranged underneath the cover layer of the 
instrument panel. 

13. The thermal control method according to claim 1, wherein apotymeric compound structure, 
or an elastomeric compound staicture, or a foam structure, or a composite of such a material with 
a &bric with imxnpoxxtsd phase change material replaces the insulation layer of the instrument 
panel. 

14. The ifaermal control method according to claim 1, wherein apolymeric cosnqmund stmctui^ 
an elastomeric compound stnicture, or a foam structure with incorporated phase change material 
is bonded to a spacer &hric. 

15. The thermal control method according to claim 1, \idlierem a polymeric compound structure, 
or an elastomeric compound structure, or a foam structure wifli incorporated phase dhange 
material is bonded to a spacer j&bric is arranged between the foam pad and the cover material in 
a car seat configuratioiL 

16. The thermal control method according to claim 1, vrfierein a polymeric corripound structure, 
or an elastomeric compound structure, or a foam structure with incorporated phase change 
material is positloaed adjacent to the foam pad and the spacer fibric is positioned adjacent to the 
cover material m a car seat configuration. 

17. The thecmal control method according to claim 1, wherein a pofymeric compound structure, 
or an elastomeric compound structure, or a foam stcuctuie wifo incorporated phase change 
m at eria l includes a heating system. 

18. The thermal control method according to claim 1, vt^erem apol^eric conqwund structure, 
or an elastomeric compound structure, or a foam structure with incorporated phase change 
material and the included heating system is bonded to a spacer fiihric. 

1 9. The themial control method according to claim 1, vAierdn a polymeric conq>ound structure, 
or an elastomeric compound structure, or a foam shucture with incorporated phase change 
material and included heating system possesses a mesh-like form. 
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